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ABSTRACT Reproductive schedules are a critical aspect of life history intrinsically linked to a
speciesÕ ecology. We explored dynamic trajectories of daily fecundity, egg size, and egg fertility in
three size classes of Hippodamia convergens GuerinÐMeneville produced by varying larval access to
food, eggs of Ephestia kuehniella Zeller. Adult pairs were held with ad libitum food and eggs were
collected daily, counted, and a subsample measured. Egg fertility declined steeply over 25 clutches
in small females, gradually in large females, but remained relatively stable inmedium females. In small
females, egg size and daily fecundity declined in a linear manner. There was no clear indication of
an egg size-number tradeoff. Inmedium females, both egg size and daily fecundity peaked around the
16th day of oviposition, after which both declined. Large females began oviposition earlier and
achieved peak egg size about day 7, and peak fecundity around day 12. Large females thus expressed
a larger proportion of their reproductive effort early in adult life, a strategy inferred to be adaptive
in the context of aphidophagy; a larger proportion of progeny would develop early in the exponential
growth phase of the prey population when food is most abundant. Increases in egg size during this
period may improve the survival of later-developing progeny; prey become scarce as aphid outbreaks
decline and competition intensiÞes, favoring offspring with a larger body size at eclosion. Larval diet
restriction appeared to constrain these presumably adaptive changes in egg size and daily fecundity,
largely through effects on maternal body size.
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Most species in the family Coccinellidae are preda-
ceous on other insects or mites (Hodek 1996) and
many are relatively specialized predators of aphids.
Because of the Ôboom and bustÕ nature of aphid out-
breaks and their ephemeral occurrence, aphidophagy
is an ecological specialization that selects for rapid
development, high fecundity, anda relatively fast pace
of life (Dixon 2000, Borges et al. 2006). Because aphi-
dophagous larvae must feed during the exponential
growth phase of the aphid population to have sufÞ-
cient food to complete development, females must
oviposit within a short period, the Ôoviposition win-
dow,Õ to maximize the survival of their progeny
(Kindlmann and Dixon 1993, 2011). Thus, females
exploiting an aphid outbreak face a predictable tra-
jectory of change in habitat quality for their offspring;
over a time frame as short as 2 or 3 wk; initially
abundant prey become increasingly scarce and com-
petition and intraguild predation intensify. Conse-
quently, aphidophagous coccinellids typically exhibit
a triangular fecundity function (Dixon and Agarwala
2002,MichaudandQureshi 2006) and lay asmanyeggs
as possible early in adult life. The current study used
the convergent lady beetle, Hippodamia convergens
GuerinÐMeneville, to explore whether this trajectory
of reproductive effort (RE) is constrained by female
body size, and whether any changes in egg size are
associated with changes in clutch size.
The concept of tradeoffs in the allocation of re-
sources to biological processes such as reproduction is
central to life history theory (Stearns 1989, Roff 1992).
Iteroparous organisms engage in multiple bouts of
reproduction over the course of their adult lives and
must allocate someproportionof their totalRE toeach
bout, or clutch. To some degree, current investments
curtail future reproductive opportunities; the Ôcost of
reproductionÕ (Williams 1966, Bell and Koufopanou
1986). Furthermore, within each reproductive bout,
females face a tradeoff betweenproducingmany small
propagules, or fewer large ones (Williams 1966, Smith
and Fretwell 1974, Brockelman 1975). Although egg
size is often correlatedwith offspring survival and rate
of development, it is shaped by selection acting on
maternalÞtness, rather than theÞtnessof theoffspring
(Roff 1992, Stearns 1992). Because maternal Þtness is
determined by offspring number, one might expect
females to produce eggs close to the minimum size
necessary for offspring survival and maximize clutch
size to the extent permitted by available resources
(EinumandFleming2000).This reasoning leads to the
general expectation that clutch size will vary more
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than egg size, and that larger females should produce
more eggs rather than larger ones. These predictions
are largely supported for highly fecund species that
provide little or no parental care, that is, most arthro-
pods ingeneral, andcoccinellids inparticular (Stewart
et al. 1991, Dixon and Guo 1993, Carriere and Roff
1995,Dixon2000, Fox andCzesak 2000).However, the
minimal egg sizenecessary toensureoffspring survival
may vary with ecological conditions, or change over
the reproductive life of a female, yielding scenarios
that require phenotypic plasticity in egg size to max-
imizematernal Þtness. Thus, objections have arisen to
static optimization models of egg size (e.g., Charnov
and Krebs 1974, Parker and Courtney 1984) on the
grounds that they do not adequately account for crit-
ical effects of temporal and spatial environmental het-
erogeneity (Crump 1981, Bernardo 1996). However,
LloydÕs (1987) model concluded that modiÞcation of
offspring size in response to varying resources can be
adaptive even if the optimal size remains under sta-
bilizing selection within the population.
H. convergens is a widely distributed Nearctic coc-
cinellid that occurs inwide-ranginghabitats from tem-
perate to fully tropical regions. High Plains popula-
tions of H. convergens in the United States typically
have two generations per year with intervening peri-
ods of aestivation in summer and hibernation in win-
ter, unless cool summer weather permits additional
aphid outbreaks (Michaud and Qureshi 2006). The
Þrst generation matures in spring, feeding on cereal
aphids that bloom on ßushing cool-season grasses and
cereals such as winter wheat, and the second in fall
when lower temperatures permit another bloom of
aphids on maturing warm-season grasses and senesc-
ing broad leaf plants. Consequently, most females re-
produce in only a single aphid outbreak in their life
and typically do not breed in the same aphid popu-
lation cycle that supported their development. Our
objective in the current studywas to examine lifetime
trajectories of RE in H. convergens females (daily
changes in fecundity, egg size, and fertility) and test
for effects of a developmental constraint (larval food
supply). First, we hypothesized that restriction of lar-
val food supply would impact female reproductive
allocation via effects on maternal body size and result
in reductions in both egg size and egg number. Sec-
ond,wehypothesized that larval food limitationwould
diminish the extent to which females achieved ideal
schedules of RE, that is, high fecundity early in adult
life.
Materials and Methods
Insect Colony. A colony of H. convergens was es-
tablished from adult beetles collected from cultivated
sunßower, Helianthus annuus L., in Hays, KS, in June,
2009. Insects were held in a growth chamber with a
photoperiod of 16:8 (L:D) h length at a temperature
of 241C.Adult femaleswere isolated inplasticpetri
dishes (5.5 cmdiameter) andwere fed a diet of frozen
eggs of the ßourmoth,Ephestia kuehniellaZeller, with
water provided on a small cube of sponge, both re-
freshed every day. Eggs of E. kuehniella support both
development and reproduction in H. convergens and
thus constitute an ÔessentialÕ (Hodek 1996) or Ôade-
quateÕ (Michaud2005) food.Eggswerecollecteddaily
from the inner surfaces of the petri dishes by trans-
ferring the beetles to newdishes. Eclosing larvaewere
reared on frozen eggs of E. kuehniella in petri dishes
(as above), Þve per dish, to produce the next gener-
ation of adults. Insects for the experiment were ob-
tained from this second generation of adults.
Experimental Design. The experiment was con-
ducted under the same physical conditions used for
rearing the beetle colony. Neonate larvae (n  100),
obtained from second generation adults, were isolated
in individual petri dishes upon eclosion and then ran-
domly assigned to one of three different treatments,
representing three different levels of food availability,
for rearing through to the adult stage. Larvae were
provided access to frozen eggs of E. kuehniella for
various periods every day: 1) 30min (50 larvae), 2) 6 h
(25 larvae), and 3) ad libitum (25 larvae).More larvae
were assigned to the 30min regime because relatively
high mortality was expected in that treatment.
All insects were observed daily throughout the ex-
periment and developmental time was tallied as the
number of days from eclosion to adult emergence.
Upon emergence, adults were weighed on an analyt-
ical balance and then isolated in a petri dish with
frozen E. kuehniella provided ad libitum and water on
a sponge cube, both refreshed daily.
When adults were 7 d old, mating pairs were es-
tablished using individuals from the same feeding
treatment (n 13, 11, and 13 pairs in each of the three
treatments, respectively), checking parentage to en-
sure that siblings were never paired together. The
preoviposition period of each femalewas tallied as the
number of days from adult emergence until the Þrst
oviposition. Observations were made daily on the
number of eggs laid, the linear dimensions of the eggs,
and the fraction that subsequently hatched. Using a
stage micrometer under a stereomicroscope at 50
magniÞcation, we measured the length and width of
each egg to the nearest 0.02 mm in a sample of eggs
(n  5) from each oviposition day. Egg volume was
estimated based on the assumption that eggs are el-
lipsoidal in shape (Takakura 2004):
Volume Length*width2/6
During preliminary work, we measured a series of
eggs of varying sizes (n 146) and thenweighed each
on a microbalance. We then used linear regression to
establish the relationship between egg volume and
mass, which was highly signiÞcant (F1,145  1,840.39;
P 0.0001; r2 0.92) and described by the following
equation:
Mass 0.9171*volume 0.0078
The weighing of individual eggs was exceedingly
time-consuming (because of thehigh sensitivity of the
microbalance), so we henceforth measured eggs, cal-
culated volumes, and converted values to egg masses
using this equation Hereafter, Ôegg massÕ refers to the
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mean mass of individual eggs in a clutch and ÔREÕ to
female reproductiveeffort (totalmass of eggs laidby
a female, either daily or over entire lifespan, divided
by female fresh mass at emergence).
Statistical Analysis. Treatments were compared by
one-way analysis of variance (ANOVA) using PROC
GLM (SAS Institute 2008) followed by TukeyÕs hon-
estly signiÞcant difference (HSD) test for pairwise
differences between means. Larval survival was com-
pared among treatments using a 2 test. Linear regres-
sion was used to test the relationship between ovipo-
sition day and egg mass, daily fecundity, fertility
(proportion of eggs hatching), and RE. Best Þt re-
gressions (linear or polynomial) were selected on the
basis of highest r2 and F values; these equations con-
sistently yielded the lowest values of P. Because the
lines of best Þt were linear for all regressions of re-
productive day on fertility, these were compared for
equality of slopes using PROC REG (SAS Institute
2008). Time series observations such as changes in egg
size with female age and proportional RE with female
age were analyzed using PROC MIXED for repeated
measures and sphericity was tested using PROCGLM
(SAS Institute 2008).
Results
Forty percent of larvae died in the 30 min feeding
regime, signiÞcantlymore thaneither the6%observed
in the6h treatment (2517.02;P0.001)or the12%
observed in the ad libitum treatment (2 218.18; P
0.001); the latter two were not signiÞcantly different
from one another (2  1.70; P  0.191). The three
larval feeding regimes (30 min, 6 h, and ad libitum
access daily) yielded three different female body sizes
(small, medium, and large, respectively) and the 30
min treatmentyielded the longestdevelopmental time
(Table 1). Females from the 30 min regime also took
longer to begin ovipositing than ad libitum females,
with 6 h females intermediate. There was no effect of
treatment on egg mass when female lifetime means
were compared (Table 1), but linear regression with
all females pooled revealed a signiÞcant and positive
relationship between female freshmass andmean egg
mass (F1,36 4.96; P 0.032; r
2 0.12), and between
female fresh mass and daily fecundity (F1,36  26.05;
P 0.001; r2 0.46). The daily fecundity of ad libitum
females was greater than that of 6 h or 30 min females
and there was a trend toward increasing lifetime fe-
cundity from small to large females that was not sig-
niÞcant because of large with-group variance. Simi-
larly, RE trended higher with increasing female size
but lifetime means did not differ signiÞcantly among
treatment groups (Table 1).
We focusedour attentiononÞrst 25dofoviposition,
not including days on which eggs were not laid. This
likely represents the upper limit of reproductive ac-
tivity in the Þeld, as few females in nature can be
expected toexperience the longevitiesobtainedunder
the ideal conditions provided adult beetles in our
laboratory study. Furthermore, effects of senescence
on reproductive parameters likely obscure adaptive
life history traits late in adult life and data became
increasingly noisy as females aged, reducing our abil-
ity to resolve treatment-speciÞc trends.
Linear regression best described how fertility (per-
cent eggs hatching) changed over the Þrst 25 d of
oviposition (30 min: F1,23 56.94, P 0.001, r
2 0.71;
6 h: F1,23  0.88, P  0.358, r
2  0.03; ad libitum:
F1,23  30.11, P  0.001, r
2  0.57; Fig. 1). A test for
equality of slopes revealed that treatment had a signiÞ-
cant effect on the rate of decline in fertility over time
(F2,74 21.86;P 0.001). The fertility of small females
declined more rapidly than that of medium (F1,49 
35.51; P  0.001) or large females (F1,49  10.32; P 
0.002) and that of large females decreased more
rapidly than that of medium females (F1,49  14.40;
P  0.001).
The ANOVA for repeated measures of individual
egg mass by oviposition day revealed a signiÞcant
effect of treatment (F2,34  60.57; P  0.001), signif-
icant changes in egg mass over the course of the Þrst
25 oviposition days (F24,496 64.38; P 0.001), and a
signiÞcant interaction between treatment and ovipo-
sition day (F48,496  15.01; P  0.001). Longitudinal
comparisonsofmeanswerenotperformedbecauseanal-
Table 1. Life history data (mean  SE) for H. convergens females reared under three feeding regimes
Parameter
Daily larval feeding regime
df F P
30 min 6 h ad libitum
Total no. females 13 11 13
Developmental time (d) 29.8 1.4a 22.4 0.3b 19.4 0.2b 36 36.3 0.001
Adult fresh mass (mg) 11.0 0.7c 15.2 0.3b 18.7 0.6a 36 42.8 0.001
Preoviposition period (d) 54.1 3.9a 42.8 4.0ab 38.3 3.5b 36 4.9 0.01
Reproductive period (d) 91.0 17.9 80.1 21.1 104.8 18.7 26 0.4 0.66
Egg mass (g) 168.0 2.2 174.0 5.7 178.0 3.8 36 1.7 0.19
Fecundity (total eggs) 221.8 49.4 415.1 169.7 645.3 156.8 36 2.7 0.08
Oviposition days 19.8 4.3 26.0 9.9 35.7 7.7 36 1.2 0.30
Daily fecundity (no. eggs/oviposition day) 10.3 0.8b 12.9 1.2b 17.1 1.4a 36 8.6 0.001
Fertility (% eggs hatching) 51.0 5.8 61.0 6.0 53.0 5.8 36 0.7 0.49
Reproductive efforta 3.1 0.6 4.5 1.8 6.3 1.7 36 1.3 0.29
Longevity (d) 143.5 16.6 125.1 19.2 142.2 19.7 26 0.3 0.75
As adults, each female was fed E. kuehniella eggs ad libitum and held with a male for the duration of her reproductive life. Means bearing
the same letter were not signiÞcantly different within rows (TukeyÕs test;   0.05).
a Total egg mass as a proportion of initial female fresh mass  (fecundity*egg mass)/adult mass.
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ysis of orthogonal components indicated nonhomoge-
neity of variance (ovipositiondays 1Ð15:F44,104 141.47;
P 0.008), rendering inappropriate pair-wise compari-
sons that are dependent on sphericity. Changes in indi-
vidual egg mass of ad libitum and 6 h females were best
describedby thirdorder polynomial regressions (F3,21
7.80, P  0.001, r2  0.53 and F3,21  5.26, P  0.007,
r20.43, respectively),whereas thatof 30min females
was signiÞcantly linear (F1,23  6.41, P  0.018, r
2 
0.22; Fig. 2). The mean individual egg mass of ad
libitum females increased by 4.2% over the course of
the Þrst 10 oviposition days, whereas that of 6 h fe-
males increased by 4.5% over the Þrst 17. In contrast,
themeaneggmassof 30min femalesdeclinedby12.3%
over the course of 25 oviposition days. Whereas eggs
of 30 min females were 5.4% smaller than those of ad
libitum females on the 10th oviposition day, theywere
14.3% smaller on the 24th oviposition day.
Changes in daily fecundity over time were best
describedbynegative secondorderpolynomials for ad
libitum and 6 h females (F2,22  4.00, P  0.003, r
2 
0.27 andF2,221.00,P0.383, r
20.08, respectively),
andby linear regression for small females (F1,23 0.75;
P 0.395; r2 0.03), although only the regression for
large females was signiÞcant because of high variation
within treatments (Fig. 3). Thirty minute females had
Fig. 1. Trends in mean fertility (proportion of eggs hatching) over successive oviposition days in H. convergens females
of three different size classes produced by varying larval access to food (eggs of E. kuehniella). Line slopes were signiÞcantly
different in all pairwise treatment comparisons (P  0.001 in all cases).
Fig. 2. Trends in mean egg mass over successive oviposition days in H. convergens females of three different size classes
produced by varying larval access to food (eggs of E. kuehniella).
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lower fecundity than ad libitum females on many
oviposition days (mean separations by TukeyÕs HSD
test;   0.05 not shown), with 6 h females interme-
diate. Daily fecundity peaked around oviposition day
12 for ad libitum females and around day 16 for 6 h
females.
Lifetime RE (total lifetime mass of eggs/female fresh
weight at emergence) was highly variable and ranged
from0.13 to 23.24multiples of female bodymass. Trends
in RE over time tended to mirror changes in daily fe-
cundity, trending parabolic in ad libitum and 6 h fe-
males (F2,226.01,P0.008, r
20.35 andF2,222.56,
P 0.09, r2 0.19, respectively) and linear in 30 min
females (F1,23  2.42, P  0.133, r
2  0.09; Fig. 4).
Discussion
The three larval feeding regimes had substantial
effects on the development and subsequent repro-
ductive activity ofH. convergens females. An abundant
larval food supply was associated with faster develop-
ment, larger adult body mass, a shorter preoviposition
period, larger average daily fecundity, more oviposi-
tion days, greater lifetime fecundity, and greater RE,
Fig. 3. Trends in mean clutch size (no. eggs per reproductive day) over successive oviposition days in H. convergens
females of three different size classes produced by varying larval access to food (eggs of E. kuehniella).
Fig. 4. Trends inmeanRE (RE freshmass of eggs/freshmass of female at emergence) over successive oviposition days
in H. convergens females of three different size classes produced by varying larval access to food (eggs of E. kuehniella).
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although not all lifetime means were separated by the
TukeyÕs test because of high within-group variances
(Table 1). Regressions indicated signiÞcant correla-
tions between maternal body mass and both egg mass
and daily fecundity, suggesting that larger females
tended to produce both larger eggs andmore of them,
and further supporting our primary hypothesis that
both egg size and number would be negatively im-
pacted by larval food deprivation. A positive correla-
tion between female body size and fecundity is com-
monacross abroad rangeof taxa (Roff 1992,Kajita and
Evans 2010), and in insects speciÞcally (Honeˇk 1993).
However, our results challenge earlier assumptions
that coccinellid females should use surplus resources
to produce more eggs of the same size (Stewart et al.
1991, Dixon and Guo 1993, Dixon 2000). Although
coccinellids are primarily income-breeders (sensu
Jo¨nsson 1997) and depend largely on current food
intake to support egg production (Dixon and Agar-
wala 2002, Honeˇk et al. 2008), the capital accumulated
by females during development inßuenced not only
mean fecundity and fertility, but also the dynamics of
these reproductive parameters over time.
Whereasmedium-sized females (fed for 6 h daily as
larvae) sustained relatively high fertility over the
course of 25 oviposition days, small females (fed for 30
min daily as larvae) exhibited a steep decline, while
the fertility of large females (fed ad libitum as larvae)
declined more gradually (Fig. 1). Some fertility de-
cline may be attributable to either sperm depletion or
male aging over the course of the experiment, because
the seminal ßuids of male insects often contain hor-
monal and nutritional contributions to female repro-
ductive processes (Gillott 2003, Avila et al. 2011).
Thus, a portion of all treatment effects may, in fact, be
attributable to paternal effects, because males and
females received the same larval feeding regimes.
Whether maternally or paternally mediated, the de-
clines in fertility in small and large females appear to
reßect physiological constraints associated with ex-
tremes of body size. Thus, medium females exhibited
the highest fertility over the critical Þrst 25 oviposi-
tions, possibly reßecting some action of stabilizing
selection on body size.
The observed trajectories of RE in H. convergens
females likely reßect the products of selection inter-
acting with physiological constraints. Females fed ad
libitum as larvae exhibited steep increases in both egg
size and daily fecundity early in reproductive life that
were not matched by females fed for 6 h (Figs. 2, 3).
Reproduction early in life generally contributes more
to maternal Þtness than reproduction later because of
the riskof adultmortality and the tendency for fertility
to diminish with age. However, there are additional
advantages when progeny must complete develop-
ment on a time-limited resource. The time frame for
oviposition in an aphid outbreak is short (Kindlmann
and Dixon 1993) and selects for triangular fecundity
functions that skew a larger proportion of RE earlier
in adult life (Dixon and Agarwala 2002, Michaud and
Qureshi 2006). The large females in our study ap-
peared better able to achieve this pattern of Ôfront-
loadedÕ RE than medium females, whereas small fe-
males were physiologically constrained and unable to
do so, supporting our second hypothesis that larval
food restrictionwouldnegatively impact reproductive
schedules.
The ability of females to vary offspring size will be
adaptive when the resources available for offspring
ßuctuate over time frames shorter than thedurationof
the female reproductive period (Fox andCzesak 2000,
Benton et al. 2005, Benton et al. 2008). The Ôhierarchy
effectÕ posited by Parker and Begon (1986) suggests
that the production of large clutches of small eggs will
be favored when competition for resources is low,
such as during the exponential growth stage of an
aphid outbreak. Our results are also consistent with
predictions ofKindsvater et al. (2010)whoconsidered
both age and maternal condition as factors affecting
phenotypic variation in offspring size. Without den-
sity-dependent mortality among progeny in this
model, age-dependent variation in offspring size did
not evolve; Ôhigh stateÕ (large) females simply pro-
duced more eggs. However, even weak density-de-
pendent mortality leads to a strategy of increasing
both offspring size and clutch size with maternal age,
the effect being most pronounced in high state fe-
males. Similarly, our results revealed periods during
which egg size and egg number increased in parallel
in large females; however, physiological state inevita-
bly declines as a function of age, so these trends are
eventually reversed.
When conditions for offspring become unfavorable
and juvenile mortality is high, females may increase
egg size if this serves to improve the likelihood of
progeny survival. Such conditions include environ-
mental stress, resource depletion, increasing compe-
tition (whether between sibs, conspeciÞcs, or het-
erospeciÞcs), and an elevated risk of predation for
small neonates. For example, acidic habitats are stress-
ful for immature development of the moor frog, Rana
arvalis Nilsson, (Ra¨sa¨nen et al. 2008) and females lay
larger eggs in low pH environments because these
presumably beneÞt from a lower surface area-volume
ratio (Ra¨sa¨nen, Laurila, andMerila 2005). Parichy and
Kaplan (1992)demonstrated that small tadpoles of the
frog Bombina orientalis took longer to develop and
metamorphosed at smaller body sizes than those of
larger initial size when competing with conspeciÞcs
for a limited foodsupply, although thesedisadvantages
disappeared when ad libitum food was available. Sim-
ilarly, Einum and Fleming (1999) found that differ-
ences in the growth and survival of brown trout hatch-
ing from different sized eggs were only evident in
poorer growth environments with some degree of
competition, leading them to conclude that optimum
egg size will vary across gradients of environmental
quality. Sinervo (1990) experimentally reduced egg
size in the lizard Sceloporus occidentalis and found that
the resulting smaller juveniles had lower sprint speeds
that would presumably increase their risk of preda-
tion. In insects, Fox andMousseau (1998) showed that
egg size had a marked effect on juvenile survivorship
in the seed bruchid, Stator limbatus (Horn), but only
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when forced to feed on seeds of an inferior host plant.
Thus, there is evidence frommultiple taxa that egg size
plasticity is adaptive when offspring produced at dif-
ferent times or in different habitats face differential
survival probabilities.
Although an increase in egg size with maternal age
is common inCrustacea and other taxa, it is unusual in
holometabolous insects (e.g., Giron and Casas 2003)
and has not been previously reported in Coleoptera
(Fox and Czesak 2000). Egg size variation in insects
tends to be associated with variable environmental
quality (Fox and Mousseau 1998); individuals hatch-
ing from larger eggs tend tohavehigher survival, faster
development, and often reach a larger adult size. Fi-
scher et al. (2011) concluded that plasticity in off-
spring size should be favored when females can reli-
ably predict environmental conditions for their
offspring. Inanalogous studieswith soilmites, Plaistow
et al. (2007) demonstrated that as females aged, they
increasedprogeny size at theexpenseof their number,
especially in high food environments that permitted
greater female longevity. This was construed to be
adaptive in the context of the increasingly asymmetric
competition facing offspring produced later in the
reproductive cycle that were forced to compete with
larger siblings produced earlier. For aphidophagous
coccinellids, an aphid outbreak presents an initially
favorable environment that deteriorates rapidly dur-
ing the collapse phase; food becomes scarce, compe-
tition for resources intensiÞes and risks of cannibalism
and intraguild predation increase, all factors that
should favor an increase in egg size (Parker andBegon
1986).
Laboratory conÞnement likely affected females in
our experiment in various ways that extended their
reproductive periods and adult lives, including pro-
tection from mortality, ad libitum food provision, and
forced conservation of energy that would normally be
expended in dispersal and foraging. Future studies
could manipulate factors such as energy expenditure
in nonreproductive activities and adult food availabil-
ity to determine how these factors could modify the
observed trajectories of RE. For example, oosorption
has recently been demonstrated in some coccinellid
species (Osawa 2005, Kajita and Evans 2009) and is
presumably a tactic for conserving RE for future op-
portunities when conditions for reproduction deteri-
orate and its consequences for egg size dynamics have
not been explored. Egg size is a maternal effect (Fox
andMousseau1998)andother,morecryptic,maternal
effectsmightbe revealedbyexperiments that examine
progeny life histories as a function of maternal age.
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